We study experimentally a two-stage compensation mechanism for promoting cooperation in prisoner's dilemma games. In stage 1, players simultaneously choose binding non-negative amounts to pay their counterparts for cooperating in a given prisoner's dilemma game, and then play the prisoner's dilemma game in stage 2 with knowledge of these amounts. For the asymmetric prisoner's dilemma games we consider, all payment pairs consistent with mutual cooperation in subgame-perfect equilibrium transform these prisoner's dilemma games into coordination games, with both mutual cooperation and mutual defection as Nash equilibria in the stage-2 game. We find considerable empirical support for the mechanism, as cooperation is much more common when these endogenous transfer payments are feasible. We identify patterns among transfer pairs that affect the likelihood of cooperation. Mutual cooperation is most likely when the payments are identical; it is also substantially more likely with payment pairs that bring the payoffs from mutual cooperation closer together than with payment pairs that cause them to diverge. There is substantial scope for this compensation mechanism to achieve beneficial social outcomes in commerce and in international affairs, and reason to be concerned about the ability of firms to design collusive agreements.
Introduction
The prisoner's dilemma is by far the most famous example of a game with a unique Pareto-inefficient Nash equilibrium. The chief characteristic of this game is that while there are substantial gains that could be attained through cooperation, non-cooperation (defection) is dominant for each player. The theoretical result is that all players defect, even though joint defection leaves each player with less than he or she could have obtained through mutual cooperation. A multitude of experiments have been conducted on the prisoners' dilemma (see Rapaport and Chammah 1965 , Dawes 1980 , and Roth 1988 for surveys of these experiments).
The central finding in these studies is that mutual cooperation is indeed rather rare in the prisoner's dilemma. Since players always do better with respect to their individual payoffs by defecting, few people elect to cooperate in this environment, leading to poor social outcomes. It is thus desirable to design mechanisms that will implement the efficient outcome. Coase (1960) presents an example involving a rancher and a farmer, in which the rancher's cattle stray onto the farmer's property and damage the crops beyond the benefit to the rancher. Coase argues that even if the rancher's cattle are legally allowed to trespass, the efficient outcome, as in the case where the rancher's cattle are legally prohibited from trespassing, will still result because the farmer would then have an incentive to pay the rancher to cooperate (reducing the number of straying cattle). That is, with well-defined property rights, no transaction costs, and fully symmetric information, efficiency is neutral to the assignment of responsibilities for damages; this result has come to be called the Coase theorem. Varian (1994) presents a general two-stage compensation mechanism that can be seen as being complementary to the Coasian approach. It implements efficient outcomes through subgame-perfect equilibria in a wide range of environments with externalities, including prisoner's dilemma games with certain specifications of the payoffs. 1 The mechanism provides a formalization of bargaining involved in the Coase theorem, and it does not involve a regulator or central planner mandating taxes or transfer payments; instead it relies upon the parties to design transfer payments that leads to the efficient outcome. In essence, the prisoner's dilemma can be seen as an environment with a two-sided externality.
Applying this mechanism to a prisoner's dilemma game, each party would make a binding pre-play offer to pay the other for cooperating in stage 1; upon observing these offers, each party then chooses to cooperate or to defect in the prisoner's dilemma game in stage 2. A natural solution concept is subgame-perfect equilibrium (henceforth SPE); while one wishes to offer enough to induce the other to cooperate, it is best to offer the minimum amount that is required to achieve this goal.
2 Qin (2002) characterizes the conditions on payment pairs that are necessary and sufficient to "induce the players to cooperate" (to be defined shortly).
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To illustrate the mechanism, consider this example: Suppose player i (i=1,2) offers to pay an amount H i to player j on the condition that player j cooperates. Then, if the payments H 1 and H 2 are large enough, mutual cooperation will follow in the subsequent play of the prisoner's dilemma game. For example, if H 1 = H 2 = 10, then players' payoffs in the subsequent play will be: In this case, (C,C) is the unique Nash equilibrium. However, the strategy of choosing a payment of 10 and then subsequently cooperating cannot survive subgame-perfection. To see this, suppose that player 2 chooses payment 10. Then, cooperating is dominant for each player in the subsequent play of the prisoner's dilemma game as long as player 1 chooses a payment greater than 4. Consequently, player 1 can increase her payoff by lowering her payment to, say 5.
We test the compensation mechanism experimentally, using three parameterizations of the prisoner's dilemma, and find substantial success: We observe cooperation rates of 43% -68% when transfer payments are permitted, compared to 11% -18% when transfer payments are not feasible (almost a fourfold decrease). We also find distinct patterns in cooperation rates;
factors include whether mutual cooperation is a (strict) Nash equilibrium in the subgame induced by the chosen transfer payments and whether transfer payments make the payoffs from mutual cooperation closer together or further apart than without the transfers. Cooperation rates are highest when qualifying transfer payment pairs are identical, while transfer payments that cause the gap in the mutual-cooperation payoffs to grow are less effective than transfer payments that cause the gap to shrink.
Our study has bearing on issues such as contractual performance and breach, where each party posts a reward for the other party's performance (or deposits a bond) in an escrow held by a neutral third party.
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In the field, this is observed in real estate and construction matters, where performance bonds and escrows are the rule. Side payments can be seen in international fishing and international pollution 'contracts'. Alternatively, this could also be relevant for the provision of public goods, if the parties make pledges conditional on completion of the project.
Agreements to make contributions contingent upon other contributions are seen in many forms of fundraising, including public television and radio.
In addition, our results have clear legal implications for both positive and negative interpretations of the prisoner's dilemma. By positive interpretations, we mean situations where the prisoner's dilemma is a reduced form for cooperation being socially-beneficial, such as in public-goods games. The success of the mechanism suggests that it may not be necessary for the legislative authority to attempt to directly implement mutual cooperation. By negative interpretations, we mean situations where the prisoner's dilemma is a reduced form for a case where cooperation hurts society, such as with collusion in Cournot quantity competition. In this case, our results suggest that the legislative authority should be quite careful to ensure that side contracts are illegal.
Background and Theory
There have been several laboratory tests of the Coase theorem, beginning with Hoffman and Spitzer (1982) and Harrison and McKee (1985) . In these studies, there is an optimal choice 4 Williamson (1983) discusses the merits of crafting ex ante incentive structures for the prisoner's dilemma.
of lotteries, in terms of total (expected) social payoffs. However, one agent, who has an individual incentive not to choose the optimal lottery, controls the lottery chosen after the parties can contract over side payments. These studies generally find that the parties are able to contract effectively.
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Nevertheless, as the contracting problem in our case is much more difficult, given its two-sided nature, in some sense the prisoner's dilemma is a more challenging test. Andreoni and Varian (1999) were the first to experimentally test the performance of the compensation mechanism in the prisoner's dilemma. The cooperation rate nearly doubles with feasible transfers in their game, from 26% to 50%, showing considerable effectiveness for the mechanism. To some degree, our study follows in their footsteps; nevertheless our design permits us to go beyond their study in at least two important respects. First, we consider games where there is a substantial range of payment pairs that induce the players to cooperate in SPE.
While mutual cooperation is predicted with all qualifying payment pairs, it may be that we can identify factors that behaviorally enhance or inhibit mutual cooperation. In contrast, with integer payments there is a unique SPE in the game considered in Andreoni and Varian (1999) , making it difficult to discover any such patterns.
Second, the SPE payments in Andreoni and Varian lead to a solution in dominant strategies, facilitating cooperation given that sufficient transfer values have been chosen. In comparison, payment pairs required for inducing cooperation transform the experimental prisoner's dilemma games in the present paper into coordination games between the players, in which there are two distinct Nash equilibria, (C,C) and (D,D). In our games, mutual defection can typically be ruled out as part of an equilibrium strategy, as is explained later in the paper.
Nevertheless, this analysis requires fairly sophisticated reasoning unlikely to manifest in an experimental game. This would seem to be a substantially more difficult task than selecting mutual cooperation when it is the unique Nash equilibrium in the second stage of the game, as in Andreoni and Varian (1999) . Thus, ceterus paribus, one might expect cooperation rates to be lower in our case.
To describe the compensation mechanism more formally, consider a situation that is captured by a prisoner's dilemma game in Figure 3 below: 
The compensation mechanism converts the prisoner's dilemma into a two-stage game. In the first stage, each player chooses (simultaneously) how much to pay his or her counterpart for cooperating. After learning the payments offered in the first stage, the players then choose between action C and action D in the prisoner's dilemma game. A payment pair (H 1 ,H 2 ) changes players' payoffs associated with the various action pairs to: In Qin (2002) it is shown that a payment pair H* induces the players to cooperate if and only if, for i ≠ j,
and
The set containing all such payment pairs H* often describes a rectangle. (4) for Game 1. Nevertheless, in SPE, mutual defection cannot be an action pair in stage 2 conditional on the payment pair satisfying (1) -(4). 7 However, when the cost of cooperation (P -S) is greater than the gain from defecting (T-R) for each player, the set of such pairs is determined by conditions (1), (2), and (4) only. In this case, the set may be a hexagon, as with our Game 3. 8 One might ask why the SPE of (H 1 *,H 2 *) = (12, 16) isn't undermined for player 1 by (11, 16) . The answer is that player 1 could (correctly) believe that player 2 would choose to defect if H 1 < 12. This can be explained as follows:
The payment pair H* in SPE can reflect players' demands for payments to cooperate (as embodied in their contingent actions in the second stage), so that if a player's demand is not fulfilled, he can credibly refuse to cooperate. So, for instance, player 1 would prefer to offer 11 instead of 12 to player 2 for cooperating. However, that is not acceptable to player 2 because he can say no to player 1 by planning to defect (in a credible way). The SPE here implies a certain degree of bargaining between the two players.
To see this, suppose on the contrary that a payment pair satisfying (1) (1) - (4) for Game 1 induces (D, D) in equilibrium.
For some parameterizations, there is a unique transfer pair that, in combination with mutual cooperation, is consistent with subgame perfection (i.e., on the equilibrium path). Andreoni and Varian (1999) test a prisoner's dilemma with (S 1 ,P 1 ,R 1 ,T 1 ) = (0,3,6,9) and (S 2 ,P 2 ,R 2 ,T 2 ) = (0,4,7,11). Conditions (1) -(4) imply that H 1 * = 4 and H 2 * = 3; Andreoni and
Varian point out that this is the unique SPE when the side payments can be any real number, but that there is an additional SPE when the side payments are restricted to be integers. In this equilibrium, supported by pessimistic expectations when the other player is indifferent between cooperation and defection, both players add one unit to the side payments, leading to the transfer pair (5,4) and this induced subgame: Here cooperation is the strictly-dominant strategy for each player and so (C,C) is the only Nash equilibrium in the subgame. 
Experimental Design and Hypotheses
We wished to not only test the general effectiveness of endogenous payments for cooperation in achieving cooperation and efficiency, but to also investigate the determinants of cooperation given that mutual cooperation is a Nash equilibrium in the induced subgame or is part of a SPE with the contingent payments chosen. In other words, are there particular patterns in (qualifying) payment pairs that are particularly effective in affecting cooperation? This is not likely to be an issue where these payment pairs make cooperation the dominant strategy for each player, but may well affect equilibrium-selection in a coordination game.
We therefore chose three games where the payment pairs inducing cooperation transform the game into coordination games. Further, in order to test for the effect of possible determinants on cooperation, we chose games in which the region of payment pairs inducing the players to 9 We note that the transfer pair (4,3) induces the subgame:
Here each player receives the same payoff regardless of his or her own choice and so each and every combination of pure or mixed strategies is a Nash equilibrium in this subgame.
cooperate was substantial and included points completely in its interior. While in theory any payment is allowed, only integer values are permitted in the experiment; we chose larger nominal payoffs, in order to have many payment pairs that are completely inside the SPE-region. Appendix B illustrates, for each of these games, the bounds of the SPE-transfer pairs consistent with mutual cooperation being a subgame-perfect action pair. We noted earlier that mutual cooperation is the unique action pair consistent with SPE in Game 1. Given the conditions mentioned above, we can see that this is also the case for Game 2. However, matters are more complex for Game 3, as the conditions ruling out mutual defection are only satisfied for some SPE payment pairs. It turns out that (C,C) is the only SPE action pair when either H 1 > 16
or H 2 > 16, but the action pair (D,D) is also consistent with subgame-perfection for other values in the SPE-region.
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For purposes of statistical analysis, there is a multiple-observation problem, since each person plays in 25 periods and interacts with other players during the session. While we account for this in regression analysis, we also perform non-parametric statistical tests across conditions.
To facilitate these tests, we partitioned the 16 participants in each session into four separate groups, with the four people in each group interacting only with each other over the course of the session. In this way, we obtain four completely independent observations in each session.
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The Experiment
We conducted a series of experiments in nine separate sessions at the University of California at Santa Barbara. We had three sessions for each of three different prisoner'sdilemma games. For each game, endogenous transfers were permitted in two of these sessions, while the third session served as a control. There were 16 participants in each session, with 10 The reasoning goes as follows: Assume (D, D) is played after a payment pair H* in the SPE region, in which case player 1 gets 32. Notice that player 1 can make C strictly dominant for player 2 in the action subgame by choosing any H 1 > 28. If she does so, then player 2 plays C and player 1 can thus guarantee herself payoff 11 In this case the mechanism has two subgame-perfect equilibria; we are not aware of any study that investigates what might be expected as an outcome, depending on structural characteristics of the situation, when there are multiple equilibria for a mechanism. 12 Subjects were told that they were randomly re-matched, but not that this was done in subgroups.
average earnings of about $15 (including a $5 show-up payment) for a one-hour session.
Participants were recruited by e-mail from the general student population. 13 We provided instructions on paper, which were discussed at the beginning of the session; a sample of these instructions is presented in Appendix A. Our computerized experiment was programmed using the z-Tree software (Fischbacher 1999) . After a practice period, participants played 25 periods; each person was a Row player in some periods and a Column player in others, with one's role being drawn at random from period to period, and the person with whom one was matched also being determined at random from the other members of the subgroup.
Players first learned their roles for the period and then (if cooperation-rewards were feasible) chose amounts to transfer to their counterparts in the event of their cooperation. After learning the amounts chosen, both players in a pair then simultaneously chose whether to cooperate or defect in the subgame, and were then informed of the outcome.
Hypotheses
In this section, we formulate several hypotheses based on the predictions of the theory.
We also explore some of the tensions that may stop these predictions from being realized. First,
given that cooperation is a SPE of the game with transfers, but not of the standard prisoner's dilemma, we have:
Hypothesis 1: There will be more cooperation in the sessions where players can choose transfer payments.
Since cooperation is a Nash equilibrium in the induced subgame for only some transfer pairs, we have:
Hypothesis 2: There will be more cooperation when mutual cooperation is a Nash equilibrium in the subsequent subgame led by the chosen transfer payments.
We next consider whether, given transfer pairs consistent with mutual cooperation being an equilibrium, there are certain characteristics of transfer pairs that are particularly effective in leading to mutual cooperation. In principle, the theoretical arguments hold regardless of the location of a point within the mutual-cooperation Nash or SPE regions. Thus, the hypothesis that emerges from the theory on this point is:
Hypothesis 3: Given that a transfer induces cooperation, the cooperation rate will not differ according to any characteristics of the transfer pair.
While the standard arguments predict no differences in behavior for qualifying transfer pairs, the fact that there are multiple equilibria in the subgame leads us to suspect that secondary factors will influence the choice of play in the subgame, thereby falsifying Hypothesis 3. For example, reward pairs that are on the Nash 'border' seem less likely to lead to cooperation.
Consider Game 1, with 8 £ H 1 * and 12 £ H 2 *. Suppose the transfer pair is (H 1 *,H 2 *) = (12,12), on the southern border of the Nash or SPE regions. The induced subgame, where both (C,C) and (D,D) are Nash equilibria, is: chosen to give no incremental reward for cooperative play, while hoping or expecting to reap large rewards from mutual cooperation. In this sense, a border reward is like a zero offer in the ultimatum game -a rejection doesn't really cost the rejector anything, but punishes the selfish party. Thus, border reward pairs may be less effective in achieving cooperation.
All else equal, we might also expect players to be more likely to cooperate when transfer payments (and thus the rewards for cooperation) are higher, even when all transfer pairs considered are within the Nash or SPE regions. Here risk-dominance considerations (which choice does better if the other person randomly chooses whether or not to cooperate) might serve to help select the equilibrium in the induced coordination game.
Finally, it is possible that social preferences come into play, even for 'qualifying' reward pairs. Since rewards are simply transfers and do not change the total social payoff contingent upon the players' actions in the subgame, there is no role for 'efficiency' per se. However, the reward pairs chosen affect the difference between the players' payoffs (or alternatively, the minimum payoff) that result from mutual cooperation. We might expect the likelihood of cooperation to increase as the difference in the net payoffs from mutual cooperation decreases, in line with the Fehr and Schmidt (1999) , Bolton and Ockenfels (2000) , and Charness and Rabin (2002) On the other hand, we might intuitively expect to see a relationship between risk and reward. Rapoport and Chammah (1965) presents some ideas on how the relationships between the entries in the payoff matrix of the prisoner's dilemma might be expected to influence cooperation rates (without transfers); however, they only consider a 'symmetric' prisoner's dilemma, where players have identical payoffs in each cell of the 2x2 game. Nevertheless, the concept of risk and reward may well influence decisions. One simple idea is to compare the size of the joint (or individual) payoffs with mutual cooperation to those with mutual defection;
bigger gains from mutual cooperation should translate into more cooperation.
Experimental Results and Hypothesis Tests
In this section, we first present a summary of our experimental data. We then provide a regression analysis of the data. Throughout, we relate the data analysis to the hypotheses elaborated in Section 3. Figure 9 shows the average cooperation rates by game and treatment: 0% 25% 50% 75%
Data Summary

100%
Game 1 Game 2 Game 3 
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This is different from previous results ( Rapoport and Chammah 1965) and might indicate that the differences in the entries of the prisoner's dilemma 14 When performing hypothesis tests of this sort, we will do it for both subject averages and group averages to eliminate correlation across time. If results are sensitive to the unit of observation, it will be noted. Otherwise, as in this particular case, the result holds in both cases. 15 The p-value of the Kruskal-Wallis test which examines the hypothesis that the samples are from the same population is also greater than 0. In Figure 10 , we consider only those sessions in which transfers were possible, and display cooperation rates as a function of whether mutual cooperation was a Nash equilibrium in the subgame induced by the transfer pair chosen: In games where transfers are allowed, cooperation rates are lowest if the reward pairs chosen are not consistent with mutual cooperation being a Nash equilibrium in the subgame.
These differences are statistically significant in all treatments (two-sided p-values of Sign test < 0.01 in all treatments) thus lending support to Hypothesis 2. Cooperation rates are substantially (10 to 25 percentage points) higher for reward pairs on the 'border' of the NE-region, with a further substantial (18 to 38 percentage points) increase for reward pairs in the interior of the 16 The p-value of the Kruskal-Wallis test is less than 0.01.
NE-region. This difference between the border and the interior is statistically significant (onesided p-values of Sign test < 0.05 in all treatments). This is the first observation against
Hypothesis 3. Namely, some SPE-consistent reward pairs are less likely than others to lead to cooperation.
In Figure 11 we show the proportions of the reward pairs that were variously consistent with mutual cooperation in a SPE, were such that mutual cooperation was a Nash equilibrium in the subgame, or were in the region where the transfer pairs make mutual cooperation the unique Nash equilibrium: The proportion of joint transfers that make mutual cooperation a Nash equilibrium is rather high, about 68% across the three games, with a lower proportion in Game 1. Further, more than half of all endogenous reward pairs were consistent with a SPE involving mutual cooperation.
We now consider how the likelihood of mutual cooperation is affected by how a reward pair, consistent with a SPE involving mutual cooperation, affects the difference in net payoffs with mutual cooperation: Table 1 reports the rates of mutual cooperation as a function of whether transfers make final payoffs closer, further or if they remain the same. This is done for SPE transfers and SPE transfers excluding the NE border (by border we mean the cases where at least one of the two subjects is indifferent between cooperation and defection given that the other person cooperates): We can see the rate of mutual cooperation for SPE-consistent reward pairs is highest (or tied for highest) in all cases when these transfers are exactly equal. In four of the six cases, mutual cooperation is nearly as likely when the reward pair brings the players' mutualcooperation payoffs closer together, while in two cases it is substantially less likely. We also see that mutual cooperation is always least likely when the qualifying reward pair makes the mutualcooperation payoffs further apart. This is a second observation against Hypothesis 3, and also doesn't exactly square with what one might have expected; that is, given the evidence on social preferences (Fehr and Schmidt 1999 , Bolton and Ockenfels 2000 , and Charness and Rabin 2002 one might have expected that cooperation is highest when transfers make final payoffs closer.
However, this is not the case. Overall, there were many more qualifying reward pairs chosen that reduce the difference in mutual-cooperation payoffs than the opposite direction (631 to 283). Table 2 reports random-effects probit estimates of the determinants of cooperation where the regressors are what the subject offers to pay (Would Pay) , what the subject is offered (Would Receive) again interacted with a dummy variable for the case where cooperation should result in equilibrium, a dummy variable taking value 1 if the transfers are such that they are on the border of the NE region and 0 otherwise, and an indicator variable for when transfers are equal and one for when they make final payoffs closer. This is estimated on all transfers such that cooperation is a NE. The data are separated in two cases: closer is better (CB), meaning all the cases where having transfers that make final payoffs closer imply that the subjects' own payoffs are higher (type 1 in Games 1 and 2, and Type 2 in Game 3) and closer is worse (CW), which is the opposite (Type 2 in Games 1 and 2, and Type 1 in Game 3).
Regression analysis
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The table also reports the marginal effects for the average subject at the sample mean of the regressors, except for dichotomous ones where it gives the difference in probabilities when the variable equals 1 and when it equals 0.
17 Appendix C provides results by game and role (row or column). Results are similar but two observations should be made. First, the NE border effect is not as strong, meaning that although it has a negative impact in all games for both roles, it is statistically significant in only half of them. Second, the effect of equal transfers is statistically significant in half the cases, and it has the opposite sign in one of the cases where it is not.
We have also tested to see if controlling for periods affected the results. We have done this by including the period and the period squared as regressors or by including indicator variables for blocks of five periods. In neither case did it have any qualitative impact on the results. Furthermore, the majority of coefficient estimates of the effect of period (for both specifications) were statistically insignificant. In the interest of space these are not included but are available from the authors on request. in parentheses * significant at 10%; ** significant at 5%; *** significant at 1% § Marginal effects report the change in probability when the regressor goes from 0 to 1.
Clearly the amount one is offered matters. That regressor is always positive and statistically significant. This is a third observation that is not in line with Hypothesis 3.
However, how much one would pay never has a statistically-significant impact. If the transfers are exactly on the NE border, then cooperation is less likely, confirming what we had already noticed from the summary statistics. If the transfers are exactly the same, then cooperation is more likely. Finally, cooperation is more likely if transfers narrow the payoff difference from mutual cooperation, but only when the difference of transfers is in the player's favor. These last observations also do not square with Hypothesis 3, nor with what one might expect given the current models of social preferences. That is, since the only condition where equality seems to matter is when it is self-advantageous, people do not seem willing to forego pecuniary benefits in favor of greater equality of distributions. On the other hand, they do not necessarily prefer to increase inequality even if it favors them.
The marginal effects inform us of each factor's relative importance.
18 Would receive averages 14 and 13 in CB and CW respectively (with standard deviations of 5 and 7). Thus, in the case of CB, increasing the amount a subject is offered by one standard deviation has the same impact as making the transfers equal, increasing the probability of cooperation by 15 percentage points. Making the transfers such that final payoffs are closer increases cooperation by 21
percentage points while being on the NE border reduces cooperation by 23 percentage points.
The effects are similar in CW except that the effect of what one is offered is greater, while the effect of having equal transfers is slightly less; having closer final payoffs has no impact.
Thus far we have analyzed determinants of individual behavior. Such behavior has implications for the groups, and we now turn to a more detailed analysis of the factors affecting mutual cooperation. We estimate a random-effects probit model of the determinants of mutual cooperation, reported in Table 3 .
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Besides indicator variables for equal transfers and transfers that make final payoffs closer, these include a dummy for the NE border, and a dummy for the sum of transfers. The same specification is estimated pooling all games, with indicator variables for game 1 and game 2 included and marginal effects reported. The analysis will focus on the pooled results.
18 For binary regressors this reports the change in probability when the regressor goes from 0 to 1 (keeping all other regressors at their sample mean). 19 Of course these possibly imply complicated correlation structures across observations since they are a single observation for a pair of subjects. The estimates reported use the pair as the random effects. Estimates where individuals are taken as the random effect are provided in Appendix D. All results are qualitatively unchanged.
Table 3: Determinants of mutual cooperation Random-effects probit and marginal-effects estimates in SPNE region
Being on the NE border statistically hurts mutual cooperation, decreasing its probability by 32 percentage points and making it one of the most important effects in magnitude. The sum of the transfers also has a statistically-significant effect on the probability of mutual cooperation.
On average, the transfers sum to 24, with a range of 16 to 42. Hence going from lowest to largest would affect cooperation by 68 percentage points and a movement of one standard deviation (which is 5) would affect the probability by 13 percentage points. Having equal transfers make cooperation more likely than transfers that make final payoffs further apart by 21 percentage points while making them closer only increase by 13 percentage points. Game 2 has a higher probability of mutual cooperation, other things equal than all other games and Game 1 has a higher probability of mutual cooperation than Game 3. The significant coefficients for the * significant at 10%; ** significant at 5%; *** significant at 1% § Marginal effects report the change in probability when the regressor goes from 0 to 1. Game 1 and Game 2 dummies in the rightmost columns are evidence against Hypothesis 4, as cooperation rates do vary across our games when transfers are permitted.
Discussion
We find a much higher rate of cooperation when players can choose contingent rewards for cooperation than when they cannot, in three different asymmetric variants of the prisoner's dilemma. The increased cooperation rate occurs not simply because transfers are feasible, but also depends substantially on the values of the reward pairs. In all of our transfer games, cooperation rates are at least double for reward pairs in the interior of the NE transfer region than for reward pairs that lead to mutual cooperation not being a Nash equilibrium. Furthermore, reward pairs on the border of the NE-region lead to intermediate levels of cooperation that are significantly different from both the low levels with no transfers permitted or the higher levels in the interior of the transfer region.
An innovative feature of our design is that the endogenous SPE reward pairs induce coordination games in which mutual cooperation and mutual defection are both Nash equilibria.
While mutual defection can be ruled out as a SPE action pair for all SPE reward pairs in Games 1 and 2 (and nearly half of the feasible SPE reward pairs in Game 3), doing so requires somewhat sophisticated arguments. Nevertheless, we see fairly high cooperation rates, with a range of between 42.9% and 68.1% in the three games; this compares to the 50.5% cooperation rate for the game in Andreoni and Varian (1999) , which features cooperation being a dominant strategy for the unique (in integers) SPE-consistent reward pair.
Our cooperation rates when transfers were not permitted ranged from 11% to 18%; this is in line with rates of cooperation observed in previous studies - Roth and Murnigham (1978) , Cooper, DeJong, Forsythe, and Ross (1996) and Andreoni and Miller (1993) observed 10%, 25%, and 18% cooperation rates, respectively. As the individual cooperation rate in the notransfer game in Andreoni and Varian (1999) was 26% and so higher than our base rates, it appears that endogenous transfers were at least as effective, relative to the no-transfer case, in enhancing cooperation via induced coordination games as when mutual cooperation is the unique Nash equilibrium in the subgame.
We find that cooperation is substantially more likely when it happens that the sufficient rewards chosen are equal. In a sense, this effect of the equality of payoffs on cooperation seems intuitive and focal, but it is nevertheless completely outside the current economic models of social preferences. This effect could possibly be seen as a mutual recognition of the problem, or as a simplification in the process that makes it seem more likely that the other player will cooperate. Perhaps there is something attractive about reaching the original targets of the payoffs from mutual cooperation. This could be similar to firms that collude or have mutually beneficial arrangements in which they try to control market shares.
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A more standard form of social preference appears to also influence behavior, as we see a player is more likely to cooperate when the reward pair decreases the difference between the players' payoffs with mutual cooperation. However, this only has a significant effect when equality favors the chooser, so that one can perhaps view this as a form of self-serving bias.
Reward pairs that reduce the difference in the payoffs from mutual cooperation are more than twice as common as reward pairs that cause this difference to increase.
Looking across our three experimental games, we see some substantial differences in rates when contingent rewards are feasible. The size of the gains from mutual cooperation 20 "In the case of the JEC [Joint Executive Committee], the cartel took the form of market share allotments rather than absolute amounts of quantities shipped" (Porter 1983). relative to the size of the mutual defection payoffs does seem to correspond to the cooperation rates in our games. These gains are 40 in both Games 1 and 2, compared to 20 in Game 3, and the ratio of these gains to the sum of the payoffs from mutual defection is 0.77, 0.91, and 0.33, respectively; the corresponding cooperation rates without contingent rewards are 15.8%, 17.5%, and 10.8%. There is also considerable differentiation among these games when transfers are allowed, with overall cooperation rates of 53.9%, 68.1%, and 42.9% in Games 1, 2, and 3, respectively. Perhaps one explanation for this stems from the symmetry of the SPE-region in Game 2, as seen in Appendix B. In our experiments, players are frequently changing roles; perhaps the symmetry makes it easier to use the same transfer choice or to identify it.
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There is an additional dimension that differentiates Game 3 from the other two games.
Recall that mutual cooperation is the only action pair consistent with SPE transfers in Games 1 and 2, but that mutual defection is also consistent with SPE transfers in Game 3 whenever neither H 1 nor H 2 is larger than 16 (as is true for more than 75% of the chosen transfer pairs in the SPE-region). In any event, it seems plausible that the increased uncertainty with lower transfers acts as a damper on the attraction toward mutual cooperation in Game 3, helping to explain the lower rate of mutual cooperation seen in Table 1 .
The success of the reward mechanism in our induced coordination games is achieved with contingent rewards that are much smaller than in games where there is a unique SPE reward pair that leads to mutual cooperation being the only Nash equilibrium in the induced subgame.
For example, in Andreoni and Varian (1999) , the transfer payments required for SPE in integers is nine, compared to total payoffs of seven with mutual defection (78%). In contrast, in Game 1 the equivalent total transfer required is 22, compared to the mutual-defection total payoffs of 52 (42%). In Game 2, the comparison is 18 to 44 (41%); in Game 3, the comparison is 18 to 60 (30%). In this sense, perhaps the players could be said to achieving success with less exposure.
Nevertheless, we hesitate to draw any strong conclusion in this regard, as the populations are different and there may well be other uncontrolled sources of variation as well.
Conclusion
Achieving cooperation in the Prisoner's Dilemma has challenged theorists for decades.
Most previous studies have focused on repetitions for solutions: either finite (see Bereby-Meyer and Roth 2003) or infinite (see Aoyagi and Fréchette 2004 , Dal Bo 2002 , and Duffy and Ochs 2003 . We test experimentally an endogenous reward mechanism described in Varian (1994) and further elaborated in Qin (2002) , where 'gifts' are contingent upon cooperation in a one-shot environment. Typically, the contracting parties bind themselves in a way that usually leads to the efficient outcome in Games 1 and 2, with cooperation rates roughly quadrupled in all three experimental games. This increase in efficiency occurs despite the fact that the reward pairs consistent with mutual cooperation being a subgame-perfect action pair induce a coordination game rather than a subgame in which mutual cooperation is the unique Nash equilibrium, as with the game in Andreoni and Varian (1999) . Our results provide support for the Coase theorem in a very difficult environment with a two-sided externality.
Our games have a substantial range of integer transfer pairs consistent with mutual cooperation being part of a SPE, and so we can examine patterns within this region to see which ones tend to be beneficial in fostering mutual cooperation and efficiency. Our analysis suggests at least two main prescriptions: First, sufficient transfers that make cooperation a strict best response to expected cooperation are considerably more effective than transfers that lead to indifference with expected cooperation. Second, sufficient transfers that are identical are particularly effective, followed by transfers that narrow the gap between the players' payoffs in the event of mutual cooperation; avoid reward pairs that make these payoffs diverge.
Despite the difficulties inherent with asymmetric payoffs and sophisticated inferences, we observe a reasonably high degree of cooperation in our games, achieved with rewards for cooperation that are modest in size relative to the payoffs in the game. This seems a hopeful sign for efficiency in contracting, as the choice of play in a coordination game is not as obvious as when one has a dominant strategy. There is substantial scope for this compensation mechanism to achieve beneficial social outcomes in commerce and in international affairs, and reason to be concerned about the ability of firms to design collusive agreements.
APPENDIX A INSTRUCTIONS
Thank you for participating in our experiment. You will receive $5 for showing up on time, plus you will receive your earnings from the choices made in the session.
There will be 25 periods. In each period, each person will be matched with one other person. The person with whom you are matched will be randomly re-drawn after every period. You are paired anonymously, which means that you will never learn the identity of the other person in any of the periods.
One person will have the role of ROW and the other person will have the role of COLUMN. Your role will also be randomly re-drawn in each period, so that sometimes you will have the role ROW and sometimes you will have the role of COLUMN.
Here is the basic game: The amounts that you each choose will be communicated to each of you prior to your choices in the game above. You will then make your game choice (Up or Down if you are ROW, or Left or Right if you are COLUMN). You will then learn your payoff for the period, from which you can infer the game choice made by the person with whom you are paired.
COLUMN
This completes one period of play. We'll do 25 periods and pay people individually and privately. We explain the 4 possible outcomes below. Remember, the values of x and y are always determined by the ROW and COLUMN players, respectively, before making game choices. We encourage people to work out scenarios on paper, drawing a game matrix for each possibility.
FURTHER EXPLANATION
Are there any questions? Please feel free to ask, by raising your hand. 
